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Description 

CONTROL DEVICE FOR VEHICLE AC GENERATOR 

Technical Field 
[0001] 

This invention relates to a control device for a vehicle 
AC generator. 

Background Art 
[0002] 

A conventional voltage control device for a vehicle AC 
generator detects an output voltage of a generator and stops 
supplying a field current to weaken a field flux when the 
detected output voltage is higher than a reference value. On 
the other hand, when the detected output voltage is lower than 
the reference value, the voltage control device reinforces the 
field flux. Thus, the output voltage is controlled to be 
substantially constant . 

However, even when the supply of the field current is 
stopped, an inductance component exists in a field coil and 
an excessively high voltage is generated by this inductance 
component when shutting down the field current. Therefore, 
the voltage control device can be damaged. 

Particularly in a recent vehicle AC generator with small 
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size and high output, since the resistance of the field coil 
tends to be small and the inductance tends to be large, the 
overvoltage continuation time becomes longer accordingly. 

Therefore, it has been proposed to switch to a circuit 
that consumes the energy of the field current by using 
resistance and diode in order to quickly reduce the field 
current, for example, as disclosed in Patent Reference 1. 
[0003] 

Patent Reference 1: JP-A-2003-174799 

Disclosure of the Invention 

Problems that the Invention Is to Solve 

[0004] 

Thus, in such a conventional device, since resistance 
to attenuate the field current and voltage drop of a diode are 
used, quick lowering of the current causes large loss and the 
voltage significantly rises (or is lowered) . Therefore, a 
transistor for control having high withstand voltage is 
necessary and large heat generation occurs at the resistance 
and diode. The efficiency is low and temperature rise occurs, 
causing a problem that cooling is necessary. 
[0005] 

In order to solve the problems as described above, it 
is an object of this invention to provide a highly reliable 
control device for AC generator without using a transistor and 
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diode having high withstand voltage . 

Means for Solving the Problems 
[0006] 

In a control device for a vehicle AC generator according 
to this invention including a stator coil, a field coil, a 
rectifying circuit connected to the stator coil, and a voltage 
control circuit that performs shutdown of and energization with 
a field current flowing through the field coil in accordance 
with an output voltage of the rectifying circuit and that 
controls the output voltage of the rectifying circuit to a 
substantially constant level, the voltage control circuit has 
a first active switch having its one end connected to one end 
of the field coil and having its other end connected to a 
negative output terminal of the rectifying circuit, a second 
active switch having its one end connected to a positive output 
terminal of the rectifying circuit and having its other end 
connected to the other end of the field coil, a first passive 
switch connected between the negative output terminal of the 
rectifying circuit and a connecting point of the second active 
switch and the field coil , and a second passive switch connected 
between the positive output terminal of the rectifying circuit 
and a connecting point of the first active switch and the field 
coil, and the first and second active switches are 
on/off-controlled independently of each other. 
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Advantage of the Invention 
[0007] 

According to this invention, a highly efficient and 
reliable control device for AC generator can be provided that 
does not use an expensive transistor and diode having high 
withstand voltage, and that can continue controlling a 
generated voltage even when short-circuit failure or the like 
occurs at a part of control transistors, and in which no heat 
generation at the time of switching occurs. 
Best Mode for Carrying Out the Invention 
[0008] 

Embodiment 1 

Fig. 1 is a circuit structural diagram showing a control 
device for a vehicle AC generator according to Embodiment 1 
of this invention. As shown in Fig. 1, a vehicle AC generator 
10 has a stator coil 11, a rectifying circuit 12, a field coil 
13, and a voltage control circuit 20. 

The stator coil 11 is a three-phase winding and is wound 
on a stator core to from an armature. An AC output induced 
by the stator coil 11 is supplied to the rectifying circuit 
12 . 

The rectifying circuit 12 is a full-wave rectifier that 
rectifies the AC output of the stator coil 11 to a DC output. 
A diode is used as a rectifying element corresponding to each 
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phase of the stator coil 11. 

The field coil 13 generates an interlinkage flux 
necessary for inducing the voltage of the stator coil 11. This 
field coil 13 is wound on a field pole to form a rotor and has 
its two ends connected to the voltage control circuit 20 via 
brushes 14, 14 or slip rings 15, 15. 
[0009] 

The voltage control circuit 20 regulates the field 
current that energizes the field coil 13, thereby regulating 
the output voltage of the vehicle AC generator 1 within a 
predetermined range. To this end, the voltage control circuit 
20 includes first and second transistors 21, 22 of MOSFET or 
the like, first and second diodes 23, 24, a low-pass filter 
(LPF) 25, and voltage comparators 26, 27. 

The first transistor 21 is connected between one end of 
the field coil 13 and the end of the negative electrode of a 
battery 30, and interrupts the field current. The second 
transistor 22 is connected between the other end of the field 
coil 13 and the positive electrode of the battery 30, and 
interrupts the field current. 

The first diode 23 is connected in series to the second 
transistor 22 and has its anode connected to the negative 
electrode of the battery 30. The second diode 24 is connected 
in series to the first transistor 21 and has its cathode 
connected to the positive electrode of the battery 30. That 
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is, the first and second transistors 21, 22 and the first and 
second diodes 23, 24 form a bridge circuit, together with the 
field coil 13. 

The low-pass filter 25 is formed by, for example, 
resistance and capacitor. The low-pass filter 25 smoothes an 
output voltage Vg of the vehicle generator and supplies the 
smoothed output voltage to the first and second voltage 
comparators 26, 27. 
[0010] 

In the first voltage comparator 26, a smoothed voltage 
Vs outputted from the low-pass filter 25 is applied to the 
negative terminal, and a first reference voltage Vrefl is 
applied to the positive terminal. When the voltage Vs becomes 
lower than the first reference voltage Vrefl, a * comparative 
output Vconl is turned to high level. On the other hand, when 
the voltage Vs becomes equal to or higher than the first 
reference voltage Vrefl, the comparative output Vconl is turned 
to low level. 

Meanwhile, in the second voltage comparator 27, the 
smoothed voltage Vs outputted from the low-pass filter 25 is 
applied to the negative terminal, and a second reference 
voltage Vref2 is applied to the positive terminal. When the 
voltage Vs becomes lower than the second reference voltage 
Vref2, a comparative output Vcon2 is turned to high level. On 
the other hand, when the voltage Vs becomes equal to or higher 
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than the second reference voltage Vref 2, the comparative output 
Vcon2 is turned to low level. 
[0011] 

The comparative outputs Vconl, Vcon2 of these voltage 
comparators 26, 27 are supplied to the gates of the first and 
second transistors 21, 22, respectively. When the output 
Vconl of the first voltage comparator 26 is at high level, the 
first transistor 21 is turned on. When the comparative output 
Vcon2 of the second voltage comparator 27 is at high level, 
the second transistor 22 is turned on. 

In this construction, control is performed to keep one 
of the first and second transistors on constantly and turn the 
other transistor on and off, thus regulating the field current 
flowing through the field coil 13. 
[0012] 

Hereinafter, the operation in the case of turning the 
first transistor 21 on and off and keeping the second transistor 
22 on constantly in this Embodiment 1 will be described. 

When a key switch, not shown, is turned on, the power 
of the voltage control circuit 20 is turned on and the generated 
voltage of the AC generator 10 (DC output voltage of the 
rectifying circuit) Vg is zero (the battery voltage is 
detected), which is lower than the reference voltages Vrefl, 
Vref 2. Therefore, the first and second voltage comparators 
26, 27 output high-level outputs and both the first and second 
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transistors 21, 22 are turned on. 

Here, additional functions of an ordinary voltage 
control circuit will not be described in detail, such as 
detecting the rotation speed, setting a so-called initial 
excitation state where only a small field current is flowed 
when the rotation speed is equal to or lower than the engine 
idling speed, and setting an ordinary excitation state when 
the rotation speed increases later. 
[0013] 

In the ordinary power generation state, where the engine 
is started and the AC generator 10 is driven by the engine, 
the generated voltage Vg is passed through the low-pass filter 
25 that eliminates high-frequency components, and is compared 
with the reference voltage Vrefl. When the generated voltage 
Vg is higher than the reference voltage Vrefl, the first 
transistor 21 is turned off to shut down the field current If. 
When the generated voltage Vg is lower than the reference 
voltage Vrefl, the first transistor 21 is turned on to flow 
the field current If. 

In this case, when the first transistor 21 is turned off, 
the field current If does not immediately become zero because 
of the magnetic energy stored in the field coil 13. Therefore, 
a closed circuit passing through the second diode 24 is formed, 
and the current is attenuated by the resistance in the closed 
circuit as the current circulates through the closed circuit. 
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However, if a connected load 40 is suddenly shut down 
when large-output power generation is performed, the 
comparative output Vconl is switched to low level and the first 
transistor 21 is turned off, shutting down the field current 
If, as shown in Fig. 2. But, the field current If that is 
short-circuited in the closed circuit as described above takes 
time to attenuate, and the generated voltage Vg is higher than 
a predetermined voltage for a while. 
[0014] 

Thus, in this Embodiment 1, the generated voltage Vg is 
compared with the second reference voltage Vref2, which is 
higher than the first reference voltage Vrefl, and when the 
generated voltage Vg is higher than the second reference 
voltage Vref2, the second transistor 22, which has constantly 
been on, is turned off. 

In this case, since the generated voltage Vg is higher 
than the first reference voltage Vrefl, the first transistor 
21, which is turned on and off normally, is already off. 
Moreover, since the generated voltage Vg is higher than the 
second reference voltage Vref2, too, the comparative output 
Vcon2 is switched to low level, as shown in Fig. 3, and the 
second transistor 22, which is normally on, is turned off. 

Thus, a closed circuit is formed in which the current 
flows from ground to the first diode 23, brush 15, slip ring 
14, field coil 13, slip ring 14, brush 15, second diode 24, 
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and battery 30. As a result, a voltage is applied to the field 
coil 13 in the opposite direction to the flow of the current, 
and the field current If attenuates quickly. Thus, the 
generated voltage Vg is lowered fast (Fig. 3) . 
[0015] 

When the generated voltage Vg is lower than the second 
reference voltage Vref2, the second transistor 22, which is 
normally on, is turned on again. Therefore, the attenuation 
of the field current If becomes gentle and the generated voltage 
Vg is not lowered unnecessarily. 

As the field current If is lowered further and becomes 
equal to or lower than the first reference voltage Vrefl, the 
first transistor 21, which is normally turned on and off, is 
turned on and the field current If starts flowing again. 

When the field current If reaches zero, the field 
power-supply voltage is cramped by the first diode 23 and the 
second diode 24 . Therefore, the current does not flow backward 
through the field coil 13. 
[0016] 

As described above, in this Embodiment 1, since the 
second transistor 22 on the one hand is constantly on, the field 
current If is controlled not to suddenly change and to generate 
a predetermined generated voltage, in ordinary use . Therefore, 
the loss due to large changes in the field current If that may 
occur in the case of a construction where the first transistor 
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21 and the second transistor 22 are constantly turned on and 
off simultaneously, can be reduced. 

That is, the loss generated in the field coil 13 is the 
loss due to the average current plus the loss due to current 
changes. In the case of the construction where the first 
transistor 21 and the second transistor 22 are constantly 
turned on and off simultaneously, the loss is large because 
of large current changes. However, in this Embodiment 1, since 
one of the transistors is normally turned on and off, the loss 
due to current changes can be reduced, compared with the 
construction where the transistors are constantly turned on 
and off simultaneously. 
[0017] 

Also, in Embodiment 1, since the two transistors to 
control the field current If are connected in series, even if 
short-circuit failure occurs in one of the transistors, the 
other transistor can turn on and off to control the generated 
voltage Vg. Therefore, a highly reliable AC generator can be 
provided . 
[0018] 

Moreover, in the above-described construction, the 
voltage at the field coil end does not become equal to or higher 
than the power-supply voltage (battery voltage) plus the diode 
forward voltage, or equal to or lower than the ground voltage 
minus the diode forward voltage. Therefore, it suffices that 
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the transistors interrupting the current and the diodes have 
withstand voltage corresponding to the power-supply voltage 
plus 2 multiplied by the diode forward voltage, and expensive 
transistors and diodes having high withstand voltage are not 
necessary . 

Also, since the constantly on-state second transistor 
22 is constantly on, no heat generation at the time of switching 
occurs, thus achieving high efficiency. In addition, since 
current does not flow in the second diode 24, loss is not 
generated, thus achieving good efficiency. Therefore, the 
second transistor 22 and the second diode 24 may be mounted 
on the same board as the first transistor 21 and the first diode 
23. If both of the transistors 21, 22 are off when not in use, 
no voltage is applied to the field coil 13, and even if the 
device is left in a wet environment or the like, the exposed 
conductive part will not be corroded by electrolytic corrosion. 
[0019] 

While the case of applying the invention to an AC 
generator having brushes and slip rings is described in the 
above-described Embodiment 1, the invention can also be applied 
to a brushless generator to provide similar effects. 

Also, though the example of using a three-phase 
Y-connection as the stator coil 11 is described, delta 
connection, zigzag connection, or combination of these may also 
be used. 
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Moreover, while the example of using a single three-phase 
circuit is described in the above-described Embodiment 1, two 
three-phase circuits with shifted phases or the like may be 
used . 

It is desirable that the voltage comparators 26, 27 
should be provided with a positive feedback circuit (hysteresis 
circuit) and a negative feedback circuit (for preventing 
oscillation) in order to stabilize the operation. 

Brief Description of the Drawings 
[0020] 

[Fig. 1] Fig. 1 is a circuit structural diagram showing 
Embodiment 1 of this invention. 

[ Fig . 2 ] Fig . 2 is a view of signal waveform for explaining 
the operation of Embodiment 1 . 

[ Fig . 3 ] Fig . 3 is a view of signal waveform for explaining 
the operation of Embodiment 1. 

Description of Reference Numerals and Signs 
[0021] 

10 AC generator 

11 stator coil 

12 rectifying circuit 

13 field coil 

14 brush 
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15 


slip ring 


20 


voltage control circuit 


21 


first transistor 


22 


second transistor 


23 


first diode 


24 


second diode 


25 


low-pass filter (LPF) 


26 


first voltage comparator 


27 


second voltage comparator 


30 


battery 


40 


load 



14 



